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CHAPTER - I 
Ih4TR0DUCTIQN 
PREAMBLE;-
The Zawar Mala bordev^ed on the eastern side by 
Barai Mogra and Harn Magra hills: to the western side by 
flmarpuv^a quartz ite ridges; to the far southern side by 
Sarara inlier and to the northern side by Mochia Magra 
hills. The Tiri v-iver is the main river passing through 
the investigated region. 
The Phyllite, mica schisit, quartz ite and 
dolomite with associated lead and zinc deposits exposed in 
the Zawa-r Mala area belongs to the Tiri Subgv^oup which is 
the constituent of the Oravalli Proterozoic Fold belt. The 
rocks of the investigated region have been classified into 
Barai Mogra and Zawar Formations based on the 
1 ithostrat igraphic nomenclature of Gupta et_ aj_. , (1980). 
The rocks of Zawar Mala area suffered polyphase 
deformation showing diffe?rent genev^at ions of folds, 
foliations and 1ineations. The rocks of the investigated 
region have suffered regional metamorphism upto green 
schist facies. 
The lack of structural control over 
rninev^ al isat ion has posed the data gap in understanding the 
2 
deforrnat iori v i s - a - v i s m i n e r a l i s a t i o n of l ead and z i n c 
d e p o s i t s in Zawar Mala a r e a . 
l . l .LOCf lTiaN AMP ACCESSIBILITY 
The zawav" Mala a r e a i s l o c a t e d a t about 3£ km 
s o u t h of Udaipur in R a j a s t h a n and i s connec ted by r a i l and 
r o a d . The N a t i o n a l Highway No.8 i s p a s s i n g t h rough w e s t e r n 
s i d e of Zawar v i l l a g e . The Zawar r a i l w a y s t a t i o n l i e s on 
t h e Udaipur fthrnadabad met regauge l i n e of Western r a i l w a y s . 
Guest house f a c i l i t i e s are a l s o p rov ided by t h e H i n d u s t a n 
Zinc L imi t ed . 
The investigated Zawar Mala region lies 
i-i ' " n ' " 
between latitude dA £u 49 to £4" 19 3 and longitude 
o t " o ' 
73 40 26 to 73 40 17 (Figure I). 
l.g.PHYSIQ6R0PHY; 
The Zawar Mala area is characterised by the 
linear ridges and its complementary valleys. The ridges 
and valleys aye for^ raed as a result of deep erosion of 
competent and incompetent lithounits. The height of these 
ridges varies from 90 to 300 metres from Mean sea level. 
1.3. CLIMQIE: 
Zawar Mala area is situated on the southern 
Rajasthan. The on-set of north-west rnonsoon in the area 
i s e f f e c t i v e i n t h e month o f j u n e and t h e t o t a l a n n u a l 
r a i n f a l l i s £5 i n c h e s (ave i^age) . I t r e c e i v e s p r e c i p i t a t i o n 
b e t w e e n June arid Dec-ember". 
E x t r e m e t e m p e r a t u r e i s s K p e r i e n c e d d u r i n g t h e 
summer d a y s c u l m i n a t i n g i n d a i l y s h a d e t e m p e r a t u r e s o f 
a b o u t 50 C i n l a t e May. The w i n t e r p e r i o d b e g i n s f r o m 
O c t o b e r and c o n t i n u e s u p t o F e b r u a r y . The m in imum 
t e m p e r a t u r e d u r i n g Decembe i—January f a l l s b e l o w 5'"'C. The 
a r e a f a l l s u n d e r s e r n i - a r i d c l i m a t i c c o n d i t i o n s . 
1 .4.FLDRft ftND FftUNfl; 
F o r e s t s o f t h e s e r e g i o n s are t y p i c a l o f t h o s e 
g r o w i n g u n d e r s e m i — a r i d c o n d i t i o n s . Lavage t r e e s are 
g e n e r a l l y r e s t r i c t e d t o t h e v a l l e y s w h e r e w a t e r i s 
a v a i l a b l e . G e n e r a l l y t h e mango, kanakaxra , b a n y a n o r mahwa 
t r e e s av^e observed i n t h e a r e a . I n t h e r a i n y s e a s o n t h e 
c o u n t r y s i d e i s c o v e r e d w i t h l u s h g r e e n g r a s s w h i c h s e r v e s 
as p a s t u r e t o t h e a n i m a l s . 
Zawar M a l a a r e a d o e s n o t s u p p o r t a l a r g e 
v a r i e t y o f a n i m a l s , t h o u g h a more v a r i e d f a u n a m i g h t h a v e 
e x i s t e d her^e a t one t i m e b u t t h e s u r r o u n d i n g s p r o v i d e t h e 
h a b i t a t f o r v a r i e d w i l d a n i m a l l i f e w h i c h i n c l u d e s l o n g 
t a i l e d m o n k e y s , p a n t h e r s , j a c k a l s , d e e r and v a r i e t y o f 
i 
p o i s o n o u s s n a k e s . Biv^ds l i f e isi a l s o a b u r i d a n t , w i t h t h r e e 
d o m i n a r i t t y p e s , t h e v u l t u r e , k i t e arid p a r r a k e e t . 
PREVIOUS WORK; 
Lead and ;c.iric d e p o s i t s o f Zawar M a l a b e l o n g s 
t o t h e P r o t e r o 2 o i c F o l d b e l t o f firavalli m o u n t a i n Range, 
The p i o n e e r and c l a s s i c w o r k on g e o l o g y was done by H e r o n 
( 1 9 5 3 ) , R a j a Rao e t . a i . , (1971) and Gupta et_ al_. , ( 1 9 8 0 ) . 
The s t u d y o f m i n e r a l i s a t i o n was c a r r i e d o u t by Ghose 
( 1 9 5 7 ) , S m i t h ( 1 9 6 4 ) , S t r a c z e k and S r i k a r . t a n ( 1 9 6 6 ) , 
C h a k r a b o r t y ( 1 9 6 7 , 1 9 6 8 ) , Chauhan ( 1 9 7 0 ) , Roy and J a i n 
( 1 9 7 4 ) , Basu (198£ ) and M u k h e r j e e ft.D. ( 1 9 8 8 ) . 
T h e r e i s no u n a n i m i t y r e g a r d i n g t h e o r i g i n o f 
l e a d and z i n c d e p o s i t s o f Zawar M a l a aredi. The 
h y d r o t h e r m a l o r i g i n i s s u p p o r t e d by Ghose ( 1 9 5 7 ) , 
M o o k h e r j e e (1964 ) and S t r a c z e k and S r i k a n t a n (1966 ) . On 
t h e c o n t r a r y m e t a m o r p h i c o r i g i n i s s u p p o r t e d by S m i t h 
(1964 ) and C h a k r a b o r t y ( 1 9 6 7 ) . Whilom t h e s y n - s e d i m e n t a r y 
o r i g i n i s s u p p o r t e d by Chauhan ( 1 9 7 0 ) and Basu (198'c:) e t c . 
O B J E C T I V E S AND ftPPROflCH; 
The o b j e c t i v e o f t h e p r e s e n t w o r k i s t o s t u d y 
t h e s t r u c t u r a l c o n t r o l o v e r m inesr l i s a t i o n o f l e a d and 2 ; inc 
d e p o s i t s o f Zawav^ M a l a . To a c h i e v e the? a f o r e s a i d o b j e c t i v e 
the following approach has been adopted. 
1. Lithostratigraphy in and around Zawar Mala area. 
£. Petrogr^aphy of the main rock type, 
3. Ore Petrography 
4. Meso and Microstructures of the Zawar Mala ansa. 
5. Deforrnat ion vis-a-vis mi neral isat ion in the Zawar Mala 
area. 
6. Summary of the investigated area. 
METHODOLOGY; 
Both the field and laboratory studies have 
been undertaken. 
FIELD STUDIES;; 
The field studies has been carried out along 
and across the strike trend of the Proterozoic mountain 
belt. 
Structural data in terms of faults, folds, 
foliation, lineation etc. have been recorded. The 
selective rock samples of representative startigraphic 
units and ore samples were collected. 
LflBQRflTQRY STUDIES:; 
Petrographic studies have been undev^taken 
under high magnification petrological microscope in cruder 
to under^stand the miner a logic population and 
6 
m i c r o s t r u c t u r e s . The ore s a m p l e s were s t u d i e d uv-idev~ 
r e f l e c t e d mic roscope t o ur iders tand t h e o r e m i n e r a l o g i c 
p o p u l a t i o n and t h e i r a s s e m b l a g e s t o u n d e r s t a n d t h e 
c l i m a t i c c o n d i t i o n fo r t h e d e p o s i t i o n of t h e o r e 
m i n e r a 1 i s a t i on. 
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CHftPTER-II 
REGIONRL FRflhEMQRK OF flRflVflLLI PROTERQZQIC FOLD BELT 
The P i rava l l i - D e l h i P r o t e r o z o i c f o l d b e l t 
de f i r iEB t h e p h y s i o g r a p h i c a r c h i t e c t u r e o f t h e ftravalli 
o r o g r a p h i c a x i s which ex tends f rom D e l h i t o Lunavada i r i 
G u j r a t over a s t r i k e l e n g t h o f 70O kms and have an average 
w i d t h of about 40 t o 70 kms. Heron (1953) was perhaps t h e 
e a r l i e s t wor^ker t o c a r r y out r e g i o n a l g e o l o g i c a l 
i n v e s t i g a t i o n s and v^ecognised 1 i t h o t e c t o n i c zones v i z . , 
Banded G n e i s s i c Cornle?x (BGC) , ftravalli, R a i a l o and D e l h i 
S e r i e s . L a t e r on Gupta et_ al_. , (1980) have r a i s e d t h e 
s t a t u s of S e r i e s i n t o Supergroups and s u b s e q u e n t l y r e v i s e d 
t h e s t a r t i g r a p h y . Acco rd ing t o Gupta et. al_. , (1980) t h e 
r o c k s o f ftravalli-Delhi P r o t e r o z o i c Fo ld b e l t have been 
c l a s s i f i e d i n t o B h i l w a r a superg roup ( )£500 Ma), ftravalli 
Supergroup (£'5O0-£'0O0 Ma) and D e l h i Supergroup (£000-800 
Ma) wh ich has been shown i n t a b l e £ ' . 1 . Recen t l y Roy (1988) 
i n c l u d e d t h e Mewar Gneiss i n t o B h i l w a r a Superg roup . The 
proposed o p i n i o n s on t h e r e g i o n a l s t r a t i g r a p h y o f t h e 
fir ava l 1 i - "Delh i P r o t e r o z o i c Fo ld b e l t by Heron (1953 ) . 
Gupta et. a.1.., (1980) and Roy (1988) have shown i n t a b l e 
The BhiIwara supergroup comprise 
Table 2.1 
Calssification of the ftravalli Supergroup 
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INarukot Format ion 
IKhandia Foruation 
ILaiKibia Fofisation 
! Kadana Formation 
, Bhukia Formation 
! Chandanwara Forflation 
1 Bhawanpura Foruation 
! Wardia Foruation 
1 Kalinjera Formation 
1 Synorogenic Granite and Gneiss (Udaipur, Salumbar, Udaisagar 




1 Khanor Forsation 
Varla Formation 
Sajjangarh Foraation 















Tir i Subgroup 
1 Zawar Formation 
Barai Mogra Formation 
Mandli Formation 
Jaisamand Sector Ghatol Sector 
Babaraal Formation Jagpura format] 









Morchana For rait ion 
Madra Formation 
Sarari Ki ftl Sector 
on Kathalia Formation 
Dakankotra Formation Mukundpura Foriaation SisaiagraFormation 
Jaisamand Formation Jaisaaond Formation Natharia Ki Pal Formation 
Delwara Formation Delwara Formation Basal Surtzi te 
Undifferentiated Granites and Basic flDcks 
BHIL«ftRfl SUPERGROUP ) 2500 «a 
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m e t a s e d i r n e r i t a r y s e q u e n c e s w i t h a s s o c i a t e d r n i g m a t i t i c 
c o m p l e x Sirid i g n e o u s i n t r u s i v e and e x t v - u s i v e r e p r e s e n t i n g a 
g e o l o g i c a l c y c l e o v e r £500 Ma. The r o c k s h a v e a t t a i n e d 
p r o g r e s s i v e l y h i g h e r grad£<^ o f met amor p h i srn u p t o g r a n u l i t e 
f a c i e s . Th es e r o c k s a r e o v e r l a i n by P i r a v a l l i S u p e r g r o u p o n 
t h e w e s t e r n s i d e and i n the? s o u t h e r n p a r t by t h e r o c k s o f 
t h e D e l h i S u p e r g r o u p a l o n g t h e f i r s t o r d e r u n c o n f o r m i t y . 
The m e t a m o r p h o s e d f e r r u g i n o u s arid m a r i n e 
e l a s t i c s w i t h s u b o r d i n a t e che rnogen i c s e d i m e n t s and 
te j rnpora l l y r e l a t e d c o n c o r d a n t and d i s c o r d a n t i n t r u s i v e s 
and t h e i r e x t r u s i v e ; phases r e s t i n g o v e r t h e r o c k s o f t h e 
B h i l w a r a S u p e r g r o u p i n t h e n o r t h e a s t e r n R a j a s t h a n w i t h a 
f i r s t o r d e r u n c o n f o r m i t y and t h e firavalli m e t a s e d i m e n t s i n 
s o u t h w e s t e r n R a j a s t h a n and c o n t i g u o u s p a r t s o f G u j r a t 
w i t h s t r u c t u r a l d i s c o r d a n c e h a v e been i n c l u d e d i n D e l h i 
Supergv^oup. The r o c k s o f t h e P i r a v a i l i - D e l h i o r o g r a p h i c 
b e l t e x h i b i t p o l y p h a s e d e f o r m a t i o n and m e t a m o r p h i s m (Naha 
& H a l y b u r t o n , 1 3 7 4 b ; Roy, 1985) as a resBu l t o f w h i c h t h e 
m i n e r a l i s a t i o n d e p o s i t s Br-m i n v a r i a b l y d i s r u p t e d . The 
r o c k s o f t h e O r a v a U i S u p e r g r o u p a r e o v e r l a i n by t h e v^ocks 
o f t h e D e l h i S u p e r g r o u p a l o n g t h e s e c o n d o r d e r 
u n c o n f o r m i t y . The D e l h i S u p e r g r o u p d e r i v e s i t s name f r o m 
D e l h i , whev^e t h e q u a r t z i t e r i d g e s r e p r e s e n t s n o r t h -
T a b l e 2 . 2 
( J o h n ft S t r a c s e k arid B. S r i k a n t a n , 19b&) 
DURTERNftFrV 
R e c e n t t o Bub R e c e n t 
P l e i s t o c e n e ; (?) 
E o c e n e or- l a t e 
Cvet a c e o u s 


































'V A/ '"W '\j ''•LT -"W "W '"w 'V J"V 'V 'V '"W 
Low river te>--race deposits, 
gravels partly cemented by 
c a 1 c i u m c a r b o ri a t e, a l l u v i u m 
and soil. 
H i g h t e r v" a c e b Ci u 1 ci e r- d e p c:i s i t s . 
01iVine do 1erite dykes. 
Meta-dolerite stocks and dykes; 
D u a r t z P1 a g i o c 1 a s e r- o c k s, 
apparent 1 y alt ered gr-ari it e 
dykes and sills. 
Quart 2 and q uart z ni i croc 1 i ne 
veins. 
<L. a w a r b c a c e 
R a w a\ q u a r t z •-• P h y 1 1 i t e m e m b e r 
Bor a1 Ma g r a Stag e 
H a m q u a r t z i t e rri e rn b e r s 
M o c h i a rri e en b e r s 
Mand1i Stage 








D e n t a l i S t a g e 
unconformity 
•"V ' W - 'Vf J^j- 'V '\,' 
Sisa Magra Stage 
' V '\; •"!.• J\.- 'V- " w --VJ '-V- -"S.- r\r r--
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e a s t e r n span o f t h e b a s i n . D e l h i S u p e r g r o u p c o m p r i s e 
d o m i r i a r i t l y o f q u a r t z i t e , b i o t i t e s c h i s t , c a l c s c h i s t , c a l c 
g n e i s s , phy i ; i . i t e and rnar^ble w i t h s u b o r d i n a t e amount o f 
c o n g l o m e r a t e , c h e r t , m e t a v o l c a n i c s , g r a n i t e , u l t v ^ a b a s i c s , 
b a s i c s , e p i d i o r i t e , h o r n b l e n d e s c h i s t , arnphi b o l i t e , 
p y r o x e n e g r a n u l i t e and g a b b r o s o c c u r s as i n t r u s i v e s a n d 
e x t r u s i v B s . These r o c k s h a v e u n d e r g o n e p o l y p h a s e 
d e f o r m a t i o n and r e g i o n a l met a m o r p h i s m v a r y i n g f r o m 
g r e e n s c h i s t t o g r a n u l i t e f a c i e s . L o c a l l y s h a t t e r e d z o n e s 
o f c o n t a c t rnetamorph i sm r e l a t e d t o E r i n p u r a G r a n i t e 
a c t i v i t y h a v e been r e c o r d e d i n r o c k s o f t h e D e l h i 
S u p e r g r o u p ( G u p t a et, a l _ . , i n p r e s s ) . 
LOCflTION OF THE flREft IN THE REGIONftL FRQMEWQRK 
I n t h e i n v e s t i g a t e d r e g i o n , t h e r o c k s o f t h e 
T i r i S u b g r o u p sire e x p o s e d . They ar-^e u n d e r l a i n by t h e r o c k s 
o f Debav^i G roup and O v e r l a i n by t h e v^ocks o f B a r i L a k e 
G r o u p . I n t i m e s t r a t i g r a p h y t h e r o c k s o f t h e T i r i 
S u b g r o u p a r e c o r r e l a t a t a l e w i t h t h e r o c k s o f U d a i p u r G r o u p 
f l y s c h s e q u e n c e w h i c h 3.rB t h e c o n s t i t u e n t o f t h e ftravalli 
S u p e r g r o u p . 
GEOLOGY OF T l -E ZftWOR MflLft ftREfl 
The g e o l o g y o f t h e Zawar av^ea was c a r r i e d o u t 
by s t r a c z e k and S r i k a n t a n ( 1 9 6 6 ) . They c l a s s i f i e d t h e 
Tab le £ . 3 
PRECfWBRIflN STRRTIGRfimV OF RflJflSTHflN 
PrecaBbrian Stratigraphic fraiiatork 
of the flravalii range (Heron, 1953) 
Revised lithostratigraphic succession 
of the Pre-vindhyan rocks of Rajasthan 
and Gujrat (Roy, 19881 
Classification of Precaibrians of the ftravalli regior 
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Mafic arid Ultramafic 
intrusives in the Delhi 
fold belt. 
Charnpaner Group 




(Heron's Raialo Series 








~ Erinpura granite (Ca.740 Ma ) 
Puragarh (Jroup = Sindreth S^ oup 
Sirohi Group = Sendra, flmbaji granite 
(Ca. 800 te) 
Kurnbhalgarh = fljabgarh Group 
Group 







of the B6C 
terrain) 
Upper flravalii Group ) 
(Darbari and i ts equivalent 
corigionerates at the base) 







Jharol &"CHip = Doveda Group 
= NathdMara Group 





BANDED 6f€ISSIC COMPLEX 
(BGC) 
f€WfiR 6f€ISS 
flrchaen _6ranites and basic rocks 
(Older than j'BHILUfWfl SUPERISOIP 
2500 Ma) {including the Supra 
i crystals of Hindoli, Jahazpur 
I Rajpur Dariba, Pur Banera 
l_and Sawar Broups. 
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rocks of the Zawar area into Sisa Magra and T i r i Series 
arid included into Precarnbr ian ftravalli System. The 
proposed l i thost rat igv^ahic c lass i f i ca t i on has been shown 
in table £. £. Later on Gupta et_ a l . <1980), have revised 
the stv^at igraphy and raised the status of Series into 
Formations- According to Gupta et_ al.» , (1980) the rocks of 
the investigated region covers Mandli, Barai Mogra and 
Zawar Formations of T i r i Subgroup. The Polymetal1ic 
m i n€-?ra l i sat ion are associated with the Barai Mogra 
Formation. The geological map of the investigated region 
is shown in Fig. £ and 1 i thostrat igraphic c l ass i f i ca t i on 
i s enclosed in table £'..3. and the geology of the studied 
area is described in deta i l in ascending order of 
ant iqu i t y . 
ftRftVQLLI SUPERGROUP 
T I R I SUBGROUP 
The rocks of the T i r i Subgroup are correlatable 
with the rocks of the Udaipur Group which have been 
separated on the basis, of geochemical analysis. The rocks 
of the T i r i Subgroup comprise metagraywacke, Phy l l i t e , 
quar tz i te , Pebbly Phy l l i te , dolomite with F'e, Zn, Pb, Cu 
polymetal l ie deposits. The type sequence of T i r i Subgroup 
are exposed near Mandl i , Bav^ai Mogra and Zawar town. The 




The Maridl i -Fov^mation comprise'metagraywacke and 
phyllite which are thinly laminated and rests over the 
rocks of the Kathalia Formation (Debari Group) in the 
Mandli valley of Zavtar mines from where the formation 
•derives its name. The metagraywacke are dark green to 
greenish green fine to coarse gv^ained and locally 
pebblyferouH in nature. The framework of graywacke 
comprise angular to sub rounded grains of quartzite, 
feldspar, quartzo-feldspathie rocks and mica schist. The 
framework is disrupted and the clasts are set in the fine 
grained matrix which has been recrystal 1 ized. It comprises 
biotite, Sericite, chlorite and quartz. The bedding varies 
from 10 cm to 1.5 cm. Locally metagraywackes exhibit 
internal organisation exhibited by the graded bedding. 
The laminated phyllite is fine grained, dark 
green to greenish grey comprising fine grained and clayey 
silty layers. chlorite, biotite and sericite are the 
common constituents of phyllite. The bedding is presev^ved 
as fine lamination defined by alternating quartzose and 
micaceous lamellae, the lenticularity index is low. The 
beds are characterized by uniformity of thickness and 
lateral persistant. The contact in between the graywacke 
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and p h y l l i t e i s genev^al l y s h a r p . The r e g i o r i a l f o l i a t i o n 
c o n s p i c u o u s l y d e v e l o p e d as a f i s s i l i t y p l a n e s i n t h e 
r o c k s o f t h e M a n d l i F o r m a t i o n . fit p l a c e s t h e M a n d l i 
F o r m a t i o n g r a d e s i n t o t h e rnetased i r n e n t a r y s e q u e n c e s o f 
B a l i c h a f - ' o r rna t i on o f U d a i p u r G r o u p w i t h w h i c h t h e y e x h i b i t 
i n t e r f i n g e r i n g r e l a t i o n s h i p . 
BflRfll MQSRft FORrWTIDN 
The M a n d l i F o r m a t i o n i s c o n f o r m a b l y o v e r l a i n by 
B a r a i Mogra F o r m a t i o n o f T i r i S u b g r o u p . I t c o m p r i s e 
d o r n i n a n t l y t h e che raogen ie s e q u e n c e o f d o l o m i t e w i t h t h i n 
i n t e r c a l a t a r y bands o f q u a r t z i t e , p h y l l i t e a n d 
c h a r a c t e r i s e d by s t r a t a bound i r o n - s i n c - l e a d / s u l p h i d e 
m i n e r a l i 2 a t i o n „ The B a r a i Mogra F o r m a t i o n d e r i v e s i t s name 
a f t e r t h e B a r a i Mogra h i l l r a n g e . The i m p o r t a n t m i n e s o f 
l e a d and z i n c l o c a t e d a t B a r a i M o g r a , M o c h i a Magna, 
Balaria and Zawar Mala etc. which are referrable to the 
Barai Mogra Formation. 
The Dolomite is grey, fine grained with 
intercalations of gritty dolomite. Quartzite and thin 
partings of calcareous phyllite and carbonaceous phyllites 
are common in the Barai Mogv^a dolomites. The dolomite 
exhibit sedimentary structures such as convolute 
laminations, load caste and bedding etc. 
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The d o l o m i t e seaquence of t h e Bara i Mogra 
Forrnatiori i s o v e r l a i n by q u a r z i t e which is m a g n i f i c e n t l y 
deve loped at HB.rri Magra. The q u a r t z i t e i s f i n e g r a i n e d and 
f i n e l y l a m i n a t e d . fit p l a c e s c u r r e n t bedding and r i p p l e 
marks are s een in t h e H a m Magra q u a r t z i t e of t h e Bara i 
Mogra Format i on. 
ZflUOR FQRHflTION; 
Zawar Format ion c o m p r i s e s an e x t e n s i v e s e q u e n c e 
of p h y l l i t e , q u a r t z o s e p h y l l i t e , pebb ly p h y l l i t e w i th 
i n t e r c a l a t i o n of quaxr tz i t e and d o l o m i t e l e n s e s . The Zawar 
Format ion i s named a f t e r mining town of Zawar where t y p e 
of sequence i s de?veloped i n a broad v a l l e y s u r r o u n d e d by 
t h e h i l l r a n g e s of Mochia Magra, Bara i Mogra, B a l a r i a and 
Zaw£\r Mala. 
The Zawar p h y H i t e ? s are t h i n l y l a m i n a t e d . I t 
compr ised of q u a r t z o s e p h y l l i t e and s e r i c i t e p h y l l i t e . 
O c c a s i o n a l l y t h e P h y l l i t e s ar& i n t e r l a y e r e d wi th l e n s e s of 
s i l t s t o n e . Q u a r t z i t e and d o l o m i t e s^re s een i n t h e Zawar 
Fo rma t ion . The p h y l l i t e e?xh i b i t f i s s i l i t y p l a n e s which av^e 
developed as bedding f o l i a t i o n (Daly, 1917) . 
The p h y l l i t e s of t h e Basa l Fo rma t ion of Debar i 
Group p o s s i b l y r e p r e s e n t v o l c a n o - e l a s t i c s which were 
d e r i v e d from t h e s h o r e v o l c a n i s m of t h e firaval 1 i - D e l h i 
P v ^ o t e r o z o i c F o l d b e l t - The l i t h o a s s o c i a t i o n o f t h e Zawav" 
F o r m a t i o r i , B a r a i Mogv^a Fov^mat ion and Mand 1 i F o r m a t i o n 
w h i c h t o g e t h e r c o n s t i t u t e T i r i S u b g r o u p , r -^epresents a 
c o m p l e x mode o f P r o t e r o s o i c s y n - s e d i m e r i t a r y l o n g t e r m 
b a s i n a l s t a b i l i t y and s u p p l y o f d i s t a l m a t e r i a l p o s s i b l y 
d u r i n g t h e p e r n o d o f e x t e n s i v e p a v i n g o f f l y s c h s e d i m e n t s 
( M a t h u r e t . aX i n p r e s s ) . I n t i m e s tv^at i g r a p h y t h e y ar^e 
e q u i v a l e n t t o U d a i p u r Group f l y s c h s e q u e n c e ( G u p t a et_ a_l_ 
i n p r e s s ) w h i c h have been s e p a r a t e d i n t o T i r i S u b g r o u p o n 




Tiri Subg'roup of flrawalli Supergroup comprises 
graywacke, phyllite, quart 2ite,pebbly phyllite and 
dolomite with lead and zinc pol yrnetal 1 ic deposits. 
In the present chapter the petrofabric and 
rnineralogic population of main rock types Are described 
with special emphasis on Barai Mogra f-ormation. 
The pe^trography of the main rock types af^B as 




1 •  DQL.OMJLIi. 
Under the microscope the dolomite has been 
classified into dolomite and siliceous dolomite on the 
basis of mineral composition. 
I^  Dolomite: 
Dolomite is fine grained at places coarse grained 
secondary dolomite also observed. Occasionally muscovite 
flakes are also present.. The fine grained dolomite mosaic 
where the twinning of individual calcite crystals 
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a r e unab le t o d e t e c t , on t h e o t h e r harid c o a r s e g r a i n e d 
c a l c i t e gv^ains show c a l c i t e twinr i ing <P1. I , F i g . l ) . The 
wea the red s u r f a c e s of t h e d o l o m i t e i n d i c a t e t h e p r e s e n c e 
of i r o n c o n t e n t . The brown c o n t e n t a long t h e d o l o m i t e 
mosa ic e x h i b i t s p o s s i b l y by t h e l i m o n i t e . fit p l a c e s t h e 
mosa ic of d o l o m i t e a r e de f ined a long t h e bedding f o l i a t i o n 
(S,-, = G^) (PI . I , Fi g. S) , where euhedv^al p y r i t e g r a i n s 
a r e a l s o o b s e r v e d i n a s s o c i a t i o n wi th d o l o m i t e 
(PI . I , F i g . 3 ) . 
11^ Si 1 i ceous Dolomi bes 
The s i l i c e o u s d o l o m i t e c o n t a i n s 5"X f e l d s p a r . 
F e l d s p a r c r y s t a l s vary in s i z e from f i n e t o medium 
g r a i n e d . Most of t h e fe ldspar - are of m i c r o c l i n e (P I . I , 
F ig„4 ) but t h e r e a r e o c c a s i o n a l c r y s t a l s of a l b i t e ( P I . I I , 
F ig . 1) , These q u a r t z , f e l d s p a r c r y s t a l s t o g e t h e r wi th 
d o l o m i t e B.re a l i g n e d p a r a l l e l t o bedding f o l i a t i o n ( S j ) . 
fit p l a c e s t h e y av-e c r e n u l a t e d (S-.) . C racks 3ire f i l l e d wi th 
l a t e r q u a r t z and c a l c i t e g ra ins . . G r a i n s e x h i b i t s u n d u l o s e 
e x t i n c t i o n wi th p r e s s u r e shadows, s u t u r e d c o n t a c t s w h i l e 
some of thern i:ii.rei fv-ee from s t r a i n shadows. The c o n t e n t of 
m u s c o v i t e v a r i e s immensely a c c o r d i n g t o t h e d e g r e e of 
s h e a r i n g . Pllthough i t may be f a i r l y common a l o n g s h e a r 
p l a n e s , t h e unsheared r o c k s c o n t a i n on ly minor s c a t t e r e d 
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f l a k e s . S h e a r zones is.re d e v e l o p e d a l o n g t h e r e g i o n a l 
f o l i a t i o n (Sg) w h e r e v ^ e c r y s t a l 1 i z e d q u a r t s g r a i n s and 
c a l c i t e c v ^ y s t a l s Ar& a l i g n e d p a r a l l e l t o t h e s h e a r zone 
( P I . I I , F i g . £ ) . 
£)QUnRTZITE : 
Q u a r t z i s t h e mos t d o m i n a n t m i n e r a l c o n s t i t u t i n g 
a b o u t 8 0 - 9 0 "/- o f t h e q u a r t z i t e . ftnhedv^al and s u b h e d r a l 
q u a r t z g r a i n s e x h i b i t c o m p l e t e r e c r y s t a l l i z a t i o n ( P I , I I , 
F i g . 3 ) . M u s c o v i t e ( u p t o 5' / . ) , f e l d s p a r (5 ' / . ) , t o u r m a l i n e and 
i l m e n i t e a r e t h e a c c e s s a r y m i n e r a l s . M u s c o v i t e h a s 
r e c r y s t a l 1 i z e d w i t h t h e q u a r t z a n d b e e n r e d i s t r i b u t e d t o 
t h e g r a i n boundav " i es o f t h e q u a r t z . B e d d i n g h a s been 
p a r t i a l l y destv^oyed by t h i s r e d i s t r i b u t i o n , b u t t h e r e i s 
u s u a l l y a s u f f i c i c e n t c o n c e n t r a t i o n o f m i c a i n t h e v i c i n i t y 
o f t h e o r i g n a l b e d d i n g p l a n e s t o e n s u r e t h a t t h e r o c k h a s 
a bedded 3ippe&\rB.rice~!. 
3) PHYLLITE s 
It consist sericite and quartz as the dominant 
minerals with rnuscovite, chlorite, dolomite and feldspar 
in lesser amount. Pyrite, tourmaline and rutile are 
present as accessary minerals. Quartz, feldspar and 
carbonates a.re separated into bands between the sericite 
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rich layers in which evidences of shearing are seen. 
Lenticles of quartzofeldspathie layers are observed with 
in a mass of sericite at places of severe movement. 
Foliation (Sj^ ) is parallel to bedding (S,_,), but some 
samples show the first stage of translation of the 
foliation plane into cleavage plane (Sg). Crenulation 
c l e a v a g e (S3) i s a l s o o b s e r v e d i n P h y l l i t e ( P I . I I , F i g . 4 ) . 
PETFJDBRAPHY QND DEFORMflTIOM EVENTS 
The s t r u c t u r a l f a b r i c o f t h e P i r a v a l 1 i - D e l h i 
P r o t e r o z o i c F o l d beelt r e p r e s e n t P o l y p h a s e d e f o r m a t i o n and 
rne tamorph i sm (Mukhopadhyay and G h o s h ; 1980, Roy e t a l , 
1 9 8 1 ; M o h a n t y , :l.gS2; Naha and Roy, 1 9 8 3 ; Naha e t a l , 1 9 8 4 ; 
S e n g u p t a , 1 9 8 4 ; Roy, 1988 and I q b a l u d d i n 1 9 8 9 ) . T h e r e i s 
no u n i f o r m i t y on t h e tev " r i i i r iO logy o f f o l i a t i o n a d o p t e d i n 
t h e firavalli D e l h i P r o t e r o z o i c F o l d b e l t (Naha e t a l , 1984 
and Roy, 1 9 8 8 ) . 
I n th£3 prG?sent s t u d y t h e p l a n a r t e c t o n i c f a b v ^ i c o f 
T i r i S u b g r o u p ( f i r a v a l l i S u p e r g r o u p ) was s t u d i e d i n d e t a i l 
f o r c r y s t a l l i z a t i o n h i i s t o r y and m o r p h o l o g y o f t h e p l a n a r 
t e c t o n i c a n i s o t r o p y . 
The t e r m i n o l o g y a d o p t e d fov^ d e s c r i b i n g t h e p l a n e s 
o f m e c h a n i c a l i n h o m o g e n e i t y i s o n t h e b a s i s o f S a n d e r 
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(1930) . Depjendirig upon t h e mutual c r o s s c u t t i r i g 
r e l a t i o n s h i p , t h e S p l a n e s htjve been d e s c r i b e d a s S j , Sg, 
S3 and S5 e t c . Wihout any t empora l c o n n o t a t i o n on g e n e t i c 
i m p l i c a t i o n s . S_, r e f e r s t o t h e bedding p l a n e , S^ refer^s t o 
t h e bedding f o l i a t i o n (Whi t ten , 1969 and Hobbs e t a l , 
1976) which devloped as flow c l e a v a g e and i s p a r a l l e l t o 
sub p a r a l l e l w i th S,-, ( S,-,=S ^ >, Sg i s t h e r e g i o n a l 
f o l i a t i o n and i s dev loped a s a x i a l p l a n e c l e a g e (Ramsay, 
1967) d e f i n e d by H;he^  p r e f e r r e d o r i e n t a t i o n of m i n e r a l s 
r e c r y s t a l l ized in t h e XY p l a n e of t h e s t r a i n ( L e i t h , 19c.'3, 
Hav^ker, 193£ and Ramsay, 19S7) „ The S3 i s c r e n u l a t i o n 
f o l i a t i o n (R icka rd , 1961 and I q b a l u d d i n , 1989) which 
o c c u r s at pjlaces as p e n e t r a t i v e and d i s c r e t e p l a n e s of 
mechan ica l inhomogene i ty . I t i s deve loped as s t r a i n s l i p 
c l e a v a g e where f l e x u r e a long Sg i s fo l lowed by s h e a r a l o n g 
t h e a x i a l zone of p u c k e r s . S3 r e p r e s e n t l a m e l l a r zones of 
i n t e n s e s h e a r i n g in t h e f o l i a t e d r o c k s of flravalli - De lh i 
P r o t e r o z i c Fold b e l t . The l a s t even t p e r h a p s l i t t l e 
documented haxs been d u c t i l e s h e a r i n g a long t h e zones of 
t e c t o n i c d i s l o c a t i o n which have been mapped a s t h r u s t s i n 
t h e firavalli - Delh i P r o t e r o z o i c Fold b e l t ( s e e 
I q b a l u d d i n , 1992, u n p u b l i s h e d DST r e p o r t . New D e l h i ) . The 
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t h r u s t i n g i n t h e flravalli — D e l h i P r o t e r o s o i c F o l d b e l t 
may p o s s i b l y r e p r e s e n t y o u n g e s t e p i s o d e o f d e f o r m a t i o n 
w h i c h i s r e l a t e d t o t h e g l o b a l t e c t o n i c s a s s o c i a t e d w i t h 
t h e o p e n i n g o f t h e P r o t o t e t h y s and S u t u r i n g o f B u n d e l khand 
b l o c k w i t h t h e P i r a b i a n p l a t e ( Q u r a i s h y and I q b a l u d d i n , 
1 9 9 £ ) . 
PflRQBENESIS BfliSEI) ON PETFDBRflPHY 
The m i n e r a l p a r a g e n e s i s i n t h e r o c k s o f t h e T i r i 
S u b g r o u p has been wov^ked o u t and P e t r o g r a p h i c d e t a i l s o f 
m i n e r a l o g i c p o p u l a t i o n h a s been d e s c r i b e d w h i c h i s as 
f o 11 ows ;: 
tJUQRTZs 
The q u a r t z i s most u b i q u i t o u s m i n e r a l o b s e r v e d i n 
t h e r^ocks o f T i r i S u b g r o u p ( f i r a v a l l i S u p e r g r o u p ) . I t i s 
c o l o u r l e s s and o c c u r s i n f o u r d i f f e r e n t g e n e r a t i o n s , o n 
t h e b a s i s o f P a r a g e n e t i c r e l a t i o n s h i p and P e t r o g r a p h i c 
c h a r a c t e r s , t h e y have been d e s i g n a t e d as q u a r t z ~ I , q u a r t z -
1 1 , q u a r t ; ^ - I I I and q u a r t z - I V i n t h e d e s c e n d i n g o r d e r o f 
a n t i q u i t y . 
Quar t :> : - I 
Q u a r t z - I g r a i n s o c c u r as e q u a n t g r a i n s w i t h 
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s u t u r e d c o n t a c t s which i s de f ined by t h e bedding (S^,) iri 
t h e met a sed i rnen ta ry sequence ( ( PI . 11 I , F i g . 1) . The g r a i n s 
e x h i b i t cle?ar boundry o u t l i n e which r e p r e s e n t t h e c l a s t i c 
f i e l d and c o n t i n u e s i n t o t h e metamorphic r e a l m . The 
s ign<ature of the? rnetamorphic r ea lm are e x p r e s s e d a s s u t u r e 
c o n t a c t s which have o b l i t e r a t e d t h e c l a s t i c taoundry 
o u t l i n e in i n d i v i d u a l g r a i n s . The sum of t h e q u a r t s g r a i n s 
a r e c h a r a c t e r i z e d by d u s t y i n c l u s i o n s and a t p l a c e s t h e 
m u s c o v i t e f l a k e s a r e randomly o r i e n t e d i n t h e q u a r t s - I . 
The q u a r t z - I e x h i b i t s s t r a i n shadows and wavy e x t i n c t i o n . 
The o r i g i n a l c l a s t i c boundry o u t l i n e can be d e l i n e a t e d i n 
q u a r t s - I by t h e p a t t e r n of d u s t y i n c l u s i o n which e x h i b i t s 
i n t r a g r a n u l a r r e c r y s t a l 1 i z a t i o n d u r i n g t h e r e g i o n a l 
metamorphism. 
Quartz—II 
The quar tz—II g r a i n s ar^ r e c i - y s t a l l i zed which are 
e l o n g a t e d and a l i g n e d p a r a l l e l t o t h e v^egional f o l i a t i o n 
(Sg) (PI . I I, F i g . 3 ) . The q u a r t z - I I g r a i n s e x h i b i t e l o n g a t e d 
and l i n e a r c o n t a c t s w i t h t h e a d j a c e n t m i n e r a l a s s e m b l a g e s . 
The q u a r t z - I I exhibi t^ , undu lose e x t i n c t i o n and s t r a i n 
shadowsj where r e c r y s t a l 1 i z a t i o n has t a k e n p l a c e a l o n g t h e X\-^i 
p l a n e of s t r a i n . 
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Quartz-11,1 
I t o c c u r s a s i r i c lus io r i w i th in t h e mosa ic of 
d o l o m i t e and at p l a c e s in t h e s h e e t m i n e r a l s (muscovite?, 
c h l o r i t e ) (PI . I I I , Fi g. £). They ar^ axnhedral and g e n e r a l l y 
f r e e from s t r a i n e f f e c t s which p o s s i b l y s u g g e s t p o s t 
t e c t o n i c o r i g i n in t h e flravall i - D e l h i Protev^osoic Fold 
b e l t . The q u a r t z - I I I g r a i n s boundry o u t l i n e a r e a n h e d r a l 
which p r o b a b l y i n d i c a t e t h e r e l e a s e d m i n e r a l in t h e 
P a r a g e n e t i c e v o l u t i o n of r n i n e r a l o g i c p o p u l a t i o n . 
Quar tz IV 
The q u a r t z - I V g r a i n s are i n v a r i a b l y obse rved in t h e 
d o l o m i t e of T i r i Subgroup where t h e v e i n l e t s o f quat r tz c<re 
seen as fracture filling which possibly suggests youngest 
q u a r t z g r a i n s i n t h e a s c e n d i n g o r d e r of a n t i q u i t y . The?se 
f r ac tu i^es have been h e a l e d up by r e c r y s t a l 1 ized q u a r t z - I V 
in t h e form of v e i n l e t s showing a n h e d r a l mosa ic of q u a r t s 
g r a i n s which are E i l i g h t l y s t r a i n e d a s s een from t h e wavy 
e x t i n e t ion i n the? q u a r t z - I V g ra i n s ( PI . 11 I, F~ig. 3) . In t h e 
t e c t o n i c sequence t h e q u a r t z - I V g r a i n s r e p r e s e n t p o s s i b l y 
t h e l a s t phase of t h e r e c r y s t a l li;-:at iori h i s t o r y in t h e 
m e t a s e d i m e n t a r y s equence of flravalli-Delhi P r o t e r o z o i c 
Fold b e l t . 
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indicate rnechariical rotation of chlorite during the 
reg ionaI met arnorphi srn. 
MUSCOVITE; 
The inuBcovite occurs as colourless to pale gresen in 
colour which have prismatic habit along the regional 
foliation (Sg) (PI.Ill, Fig.4). The muscovite occurs in 
close association with chlorite?, sericite, pyrite and 
magnetite. The muscovite porphyroblast in the investigated 
region of flravalli Delhi Proterozoic Fold belt suggests 
higher degree of recrystal 1 i;:at ion in the metasedirnents. 
It has been formed at the expence of chlorite. 
Magnetite occurs as discrete grains and is 
idioblastic in character,. It is seen in close association 
with chlorite, apatite and calcite grains which occur as 
accessory minerals in the investigated region of firavalli 
De1h i Prot erozo ic Fo1d be 11. 
FELDSmRi; 
Feldspar crystals vary in size from medium to fine 
grained Most of the feldspars are of micro!ine, showing 
chessboard twinning taut at pla\ces , crystals of albite ar-^e 
also present. These feldspars together with quarts and 
dolomite are aligned parallel to S^ foliation,. 
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SERICITE 
S e r i c i t e o c c u r s as s h r e a d s iri c l o s e a s s o c i a t i o n 
w i t h q u a r t s - I g r a i n . The g r a i n s <s<re e l o n g a t e d 
p e r p e n d i c u l a r t o t h e P i n a c o i d a l P h a s e . The s e n i c i t e 
e x h i b i t s s e c o n d o r d e r i n t e r f e r e n c e c o l o u r . The s e r i c i t e i s 
c h a r a c t e r i 2 : e c l by t a n g e n t i a l c o n t a c t w i t h c h l o r - i t © ( P I . I l l , 
F i g . 4 ) . The f a b r i c r e l a t i o n s h i p r e v e a l s t h a t th63 s e r i c i t e 
f l a k e s b e l o n g t o c l a s t i c f i e l d and e x t e n d s u p t o 
m e t a m o r p h i c r^  e a 1 m. 
CHLORITE;! 
The c h l o r i t e i s most u b i q u i t o u s i n t h e 
m e t a s e d i m e n t a r y s e q u e n c e o f ftraval1i-Delhi P r o t e r o s o i c 
F o l d b e l t . The c h l o r i t e i s p r e s e n t as P r i s m a t i c 
P o r p h y r o b l a s t w h i c h a r e p a l e g r e e n i n c o l o u r and e x h i b i t 
p l e o c h r o i s m and s h a d e s o f g r e e n ( P I . I 1.1, F i g . 4 ) . The 
i n t e r f e r e n c e c o l o u r i s o f f i r ^ s t oruder b u t a r e g e n e r a l l y 
m a r k e d by t h e body c o l o u r s o f c h l o r i t e . The d e v e l o p m e n t o f 
c h l o r i t e i s o b s e r v e d b o t h a l o n g b e d d i n g f o l i a t i o n (S,-,=S-^ ) 
and r e g i o n a l f o l i a t i o n ( S o ) . The p r e s e n c e of c h l o r i t e 
a l o n g b e d d i n g f o l i a t i o n s u g g e s t i t s P a r a g e n e t i c h i s t o r y 
f r o m t h e c l a s t i c f i e l d t o m e t a m o r p h i c r e a l m . The 




Sulphide mineralisat ion in Zawar Mala area is 
confined to the dolomite and siliceous dolomite of Tiri 
Subgroup of Oraval1i~Delhi Proterozoic Fold belt„ 
Information regarding geometry and disposition of the ore 
bodies is available from the central part of the Zawar 
Malei area where detailed exploration has been carried out 
by the Hindustan Zinc Limited. The ore samples of 
polymetallic deposits have been collected from 470 MRL and 
430 MRL of Zawar Mala mines. 
Disposition of sulphide ore bodies shows a strong 
control of structural fulanes 3,_,/Sj and Sg. and their 
intersection zone. There was not much opportunity to study 
the influence of F^ deformation on the ore minerals 
because of eKtreni-ly penetrative nature of the Fg 
deformation. The bedded nature of sulphides could be 
studied at few places (PI.4,Fig.1). 
fit places thej ore mineral veins exhibit pinch and 
swell structures with their neck lines parallel to Fp fold 
axis. The ore minerals were concentrated along Sg planes 
through rernobi 1 isat ion. 
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MINERALOGY RND TEXTURE QF SULPHIDES 
Mi neralogical and textuv^al studies of the 
sulphide minei-'als B.rB- based on mici^oscopic studies of 
polished sections under reflected light. 
Pyrj-be 
Pyrite is generally found as disseminated grains 
and crystals in association with arsenopyrite, sphalerite 
and galena within the dolomite. They are slightly 
elongated along the laminations probably due to 
compression during 1ithification. Two types of pyrite is 
observed (i) Spherical to sub spherical grains found 
either as isvolated grains in dolomite or densely packed to 
form a thin bed and (ii) euhedral crystals, these may take 
the form of cube. 
fltoll texture is obsev^ved in Pyrite where 
sphlalerite forms the central core surrounded by a shell 
of Pyrite (PI. IV,Fig.£). Cataclastic texture is observed 
in Pyrite due to its brittle nature (PI. IV, F"'ig. 3) -
Recrystal1isat ion bands are also seen in Pyrite 
(PLIV,Fig.4). On the basis of replacement relationship 
Pyrite is the earliest sulphide replaced by arsenopyrite, 
(PI. V,Fig,. 1) and sphalerite (PI. V, Fig. a) . 
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Sphalerite is cornmorily found associated with galena 
about which it may form a network pattern (PI.V,Fig. 3) or 
itself make? up the grains in a network of galena 
(P1. V,Fig. 4) depending on the relative abundance of either 
sulphides in the ore;. Inclusions of Sphalerite in galena 
are commonly rounded and corroded, which is interpreted 
as being suggestive of replacement of Sphalerite by 
galena. Pit places Sphalerite also occurs as fracture 
filling in association with galena (PI.V,Fig-5). 
Galena 
Galena occurs as sudhedral to anhedv^al crystalline 
masses charaterized by cleavage visible as triangular pits 
in polished sections- In addition to the galena 
association with sphalerite which has been already 
discussed, it is also present either as disseminations and 
elongate aggrejgat ions of fine euhedral or anhedral grains 
or as dense rna<s5ive interlocking crystal network in beds 
free from all other sulphides. The more massive horizons 
Bre invariably characterized by fine inclusions of angular 
dolomite fragments indicative of some post 
de?posit ional movement. '^ 
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CHAPTER - V 
DEFOfWPITIQN STUDIES IN ZftUJRR MflLfl AREA 
The defov^mat i o n h i s t o r y of flv^avalli D e l h i 
P v o t e r o s o i c F o l d b e l t h a s b e e n c a v r i e d o u t by many wo-rkers 
( S t r a c z e k and B r i k a n t a n , 1966^ Naha and C h a u d h r y , 1 9 6 6 ; 
Roy, 1 9 7 3 ; Naha and H a l y b u r t o n , i g 7 4 b ; Roy, 1938 and 
I q b a l u d d i n , 1989) who v -evea led t h a t t h e r o c k s of t h e 
flravalli r e g i o n h a v e u r i d e r g o n e P o l y p h a s e deforrnaxt i o n 
h i s j t o r y . 
The s t r u c t u r a l s t u d i e s c a r r i e d o u t by Roy (1973) 
and Nsiha &• H a l y b u r t o n (1974ta) in t h e P r o t e v - o z o i c F o l d b e l t 
o f flravalli r e g i o n s u g g e s t s thavt t h e r o c k s h a v e u n d e r g o n e 
t h r e e p h a s e s of d e f o r m a t i o n showing flF_i , flFo and fiF^ 
f o l d i n g r e l a t e d t o fiDj^, ODp and flDj; d e f o r m a t i on e v e n t s . 
Roy e t a i <19S0) h a v e d e s c r i b e d t h e g e o m e t r y of f o l d s i n 
met a s e d i went a r y sequeence o f P i r a v a l l i r e g i o n . Thcey h a v e 
s u g g e s t e d t h a t the? OF^ ^ f o l d s are r e c l i n e d o r i n c l i r i e d i n 
g e o m e t r y w i t h d o m i n a n t l y e a s t e r l y o r w e s t e r l y p l u n g e and 
t h r e e f o l d s h a v e b e e n v -e fo lded by two Bi.j.ccess i v e p h a s e s o f 
f o l d i n g w h i c h r e f e r - r e d a s RFg and AF-; s h o w i n g d i f f e s r e n t 
a t t i t u d e s of t h e i r a x i a l p l a n e s . P a l i w a l (1988) h a s 
d e c i p h e r e d t h a t flFg f o l d s s-rs e i t h e r upv-ight ov^ s t e e p l y 
i n c l i n e d vav^ying i n georneetry from open t o t i g h t ( F l e u t y , 
30 
1964). Naha and Chaudhry (1968) and Mukhopadhyay and 
Dasgupta (1978) have recorded eyed folds showing closed 
outcrop pattern. Roy (1988) has suggested that the fiF3 
folds which refolded both the flFj and flFg folds, where the 
axial planes of AF3 folds are transverse to PlFj, and PiF--
folds in the met asedi merit ary sequence of Aravalli 
Proterozoic Fold belt. 
The nomenclature adopted for the various structural 
elements in the rocks of the firavalli Supergroup have been 
assigned to AD^, PlDg, flD3 ,etc which represents 
deformative episodes of flravalli tectonic system (see 
flnon, 1981). Similarly the structural elements (Planar and 
linear structures and folds) recognised in the rocks of 
Delhi Supergroup have been assigned DFj (Fj folds of Delhi 
Supergroup). The deformational episodes of the Delhi 
tectonic system have been assigned DD|, DDg, DD3, DD4 (see 
flnon, 1981). 
The minor structures namely planar, linear 
structures and folds of different geometries have been 
recorded. Further the macro structures namely broad 
antiform and its complementary synformal structures and 
faults/thrust are also recorded in the rocks of the Tiri 
Subgroup which is constituent of firavalli Supergroup. In 
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time stratigraphy the v^ocks of Tiri Subgroup are 
correlatable with Udaipur flysch sequerice. The analysed 
macro and mesio structures have been enclosed in fig. 3, 
without mt?a(nt ioni ng alpha numerical terminology <ftrion, 
1981). For example the recorded planar and linear 
structures and folds and cross cutting relationship, the 
different generat iori has been recognised vis; F^, Fg and 
F3 etc corresponding to D^, Dg, D3 deformative episodes of 
t h& Orava11i t ectonic syst em. 
MACRO STRUCTURES OF ZflWflR MflLfl AREA 
Large settle folds of Zawar Mala area 
The macro structures of Zawar Mala region are 
manifested by large scale folds in the result of three 
demorfation episodes relatecd to Dj, Dg and D3 in the 
metasedimentary sequence of firavalli Proterozoic Fold 
be-jlt. The D~- desforrnation mostly restricted and localised 
and Dg deformation event is very strong which is defining 
the orographic- axis of firavalli Proterozoic Fold belt. The 
recorded eav^ly formed schistosity <Sj^ ) and bedding <S,_,) 
coupled with sedimentary structures in the quartzite 
interpreted the F';^  anticlinal fold. The axial plane of Fj 
fold trending N-S and dipping sjteeply due southerly 
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direct iori. The thickening of the quartzite beds in the 
northwestern part of lawar Mala has possibly resulted from 
the coaxial refolding of the early formed Fj fold (see 
fig. 3). The plunge of the anticline in the southern part 
dipping moderately due S 30 W as revealed by the bedding 
schistosity relationship. In the northern part the plunge 
become^s shallower plunging moderatcely in the northerly 
directi on„ The F^ fold refolded along the axial plane and 
as a result the Fp fold has been formed. During this phatse 
the 1ead and zinc Po1ymet a11i c m i nera1i sat i on a1 so 
concentrated in the core of the antiform in the Zawar 
Mala. As a result of Fg folding the oldest rocks of the 
Zawar Mala sirea. formed in the cor-e follow upwav^ds by 
dolomite, quartz ite and slate Phyllite., The axial plane of 
Fg fold trends N -S direction and dipping steepily. The F3 
folds have been observed iri quart site in the northwestern 
part of Zawar Mala where they a.re transverse to early 
formed Fj and Fg folds of the Proterozoic metasedimentary 
pile of ftravalli region. The axis of F3 folds are 
restricted and the axis of these F-:? folds are in the E - W 
div^ection which impart late tectonic deformation. Further 
the lead and zinc Po1ymetallie deposits of Zawar Mala 
antiform has been punctuated by transverse faults as a 
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r e s u l t t h e mi r ie r -a l :i. s a t i o n d e p o s i t s has; been d i s l o c a t e d , 
w h i c h a r e r e f l a t e d t o t h i r d d e f o r r n a t i o n e v e n t w h i c h 
p r o b a b l y m a r k s o u t t h e l a s t phase o f d e f o r m a t i o n . As a 
r e s u l t of t h e s e f a u l t i n g t h e s o u t h e r n p o r t i o n o f Zav^iar 
M a l a a r i t i f o v - m h a s u p l i f t e d e x p o s i r i p d e e p e r t e c t o n i c and 
s t 'r a b i g r a p h i c 1 e v e 1 s o f Z a w a r Mai a a rea. The b e e t o n i c 
e v o l u t i o n o f t h e Zawar- Ma la a n t i f o r m v i s - a - v i s l e a d and 
z i n c P o l y m e t a l 1 i c d e p o s i t s have been showri i n i ' " i q . 4 w h i c h 
i m p a r t t h e m i n e r a l i s a t i o n i n t h e r e g i o n , t h a t i s s t r o v i g l y 
c o n t r o l l e d by d e f o r m a t i o n o f t h e P r a v a l l i P r o t e r o s o i c - F o l d 
b e l t . 
Plamav. l i n e a r s t r u c t u r e s and f o l d s o f Zawar Ma la Firea. 
The m i n o r s t r u c t u r e s and f o l d s o f d i f f e r e n t 
g e o m e t r i e s i r i t h e Zawar M a l a r e g i o n hsive been a n a l y s e d 
( F i g . 3) and t h e i r r e g i o n a l p a t t e r n v x s - a - v i s d e f o r m a t i o r i 
e p i s o d e arG:^ d e s c r i b e d i n b r e i f w h i c h arB as f o l l o w s , ' ; 
Mj.jjcjr s t r u c t u r e s a s s o c i a t e d w,i.tj;i ^ j d e f o r m a t i o n 
The e a r l y f o l d s o f F-^ g e n e r a t i o n s.r-e r a r e l y 
o b s e r v e d m t h e Zawar Mala r e g i o n , howeve r a t p l a c e s f e w 
F-j^  f o l d s a r e d e v e l o p e d w h i c h ar-e t i g h t t o i s o c l i n a l and 
r e c l i n e d a t some p l a c e s . The a x i s o f F^ f o l d s p l u n g e 
towa- rds n o r t h w e s t e r I v d i r e c t i o n w h i c h i^^r's b e s t r e c o r d e d i n 
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in the Zawar Mala region include folds, crenulation 
cleavage/crenulat ion foliation and intE?rBec;t i on lineation. 
The Fo folds a.re widely developed in the Zawav" Mala 
region. They are tight to open arid the axis of Fo fold 
plunge towards northwesterly direction and at places south-
-easterly divi^ ectiori at moderate to high angle, fis a result 
of which crenulation foliations have been developed-
Crenulation Foliat ion(Sg) 
The Sp surfaces are well developed in the Zawar 
Mala area. The Sg surfaces generally follow trend of the 
axial planes of Fp folds of Zawar Mala antifov^m. 
Intersect ion Li neat ion(Lg) 
The intersection lineation is well developed and is 
defined bv the intersection of Si and So foliations. It 
plunges towards northwest at moderate to steep angle and 
follows the axial pla\ne direction of Fo folds of Zawar 
Mala ant i form-
Minor Structures flssociated with D3 Defor-rnat ic'n 
The D3 deformation is probably the last event 
observed in the Zawar Mala ant i form. The F-? fold axis are 
less pervasive and more discrete in nature. The F3 folds 
plunge towards east or west < transverse to earlier 
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s t r u c t u r e s ) . 
Crenulat i on Fo 1 i at ion ^S;^) 
The S3 foliation is manifested by dislocation 
planes which appea\r as fracture cleavage defined by 
closely spaced discrete planes of me-?charii ca 1 
inhomogeneity intersecting So foliation. Ot places the 
attenuation of F3 fold limbs has resulting in orienting 
the sheet minerals; like chlorite and sericite parallel to 
the planes of mechanical inhornogenei t y defining S3 
foliat i on. 
Crenu 1 zxt i on L i neat ion (L3) 
The L3 lineat ion is defined by the intersection of early 
developed Lj and Lg lineations which are associa^ted with 
Fl and F'-'g folds. The L3 lineation generally follows the 
axial div^ection of F-r folds of Zawar Mala area. 
TIME RELATIONSHIP BETWEEN DEFORMQTXQN PiMD METPiMORPHISM OF 
ZflWQR MflLfl PiREfl 
fin attempt has; been made to work out the time 
relationship between deformation and metamorphism in ths 
investigated Zawar Mala and its contiguous region which is 
dei5cribed in brief. 
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F'ivst plase of defovrnat ion <D| ) 
The sedimeritav^y sequence representing the group of 
rocks which were deposited in the shadow of an unstable 
continental block provinance in the coast and beach 
environment which were experienced basinal instablity 
shoreline volcanism possibly by partial melting of oceavdc 
crust. The basinal instablity led to the sliding process 
of sedimentary prism as a result Sj foli£\tion corresponds 
to F'l folds related to Dj^  deformation episode of the 
Oravalli tectonic system. The? earliest deformation event 
synchronous with first phase of metamorphism (Mj) in the 
rocks of Tiri £5ubgroup of firavalli Proterozoic Fold belt,. 
The Mj metamorphism is manifested by the rotation of 
sericite? flakes, quarts-1 and chlorite which a^r-e aligned 
parallel to sub pav^allel to the plane of str-at if icat ion,, 
Subsequent to this pure shear, simple she^ar possibly might 
have been operative which led to the flattening strain iri 
the Xi^2, plane of strain ellipsoid. 
Second phase of deformat i on 
The Dg deformation episode is most pervasive which took 
place under a. compressive stress environment. Regionally 
the crl trajectory was directed from NW to SE in the 
firavaili region on the regional scale. The flexural slip 
mechanism (Whitten, 1969) is pervasively developed which 
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i s v - e l a t e d t o Do d e f o r r n a t i v e e o i B o d e . The c i e fo r rna t i o r i . led 
t o t h e buc-kl i n g o f sed i m e n t a r - y / m e t ased .iment a r y p i l e as a 
r e s u l t o p e n t o t i g h t s u b h o r i z o n t a l t o m o d e r a t e l y p i u n g i n g 
f r o m NNW t o SSE div^ec-t i o n and s t r o n g l y d e v e l o p e d Sg a x i a l 
p l a n e c l e a v a g e (Fg f o l d s ) c o r r e s p o n d s w i t h Dg d e f o r m a t i o n . . 
I n t h e Zawar M a l a a r e a t h e l e a d and s i n e P o l y m e t a l l i c 
d e p o s i t s arm f o l d e d i n t o a n t i f o r m (Zawar ma la a n t i f o r m ) 
a l s o synk inenna t i c w i t h Dg d e f o r m a t i o n e p i s o d e . 
The Mg m e t a m o r p h i c phase s y n k i n e r n a t i c t o t h e Dp 
d e f o r m a t i o n e p i s o d e d u r i n g w h i c h t h e m e t a m o r p h i c 
r e c r y s t a l 1 i s a t i o n t o o k p l a c e u n d e r a d i r e c t e d compi ress i v e 
s t r e s s f i e o i d w h i c h d e v e l o p e d f l a t t e n i n g s t r a i n as e v i d e n t 
by t h e P e t r o f a b r i c s t u d y o f r o c k s o f T i r i S u b g r o u p 
( A r a v a l l i Supergr^oup) . The q u a r t z f l a t t e n e d ir\ XiXp p l a n e 
o f s t v ^ a i n ( q u a r t z I I ) c o r r e s p o n d i n g t o Do d e f o r m a t i v e 
e p i s o d e . The p o i n t c o n t a c t s o f q u a r t z g r a i i n s s.re e l o n g a t e d 
w i t h s u t u r e d c o n t a c t s and e x h i b i t s vMavy e x t i n c t l o r i and 
p r e s s u r e s h a d o w s . The m i c a c e o u s m ine r -a l s h o w i n g p a r a l l e l 
a l i g n m e n t w i t h t h e '3o f o l i a t i o n . 
T h i r d p h a s e o f d e f o r m a t i o n 
The t h i r d p h a s e o f d e f o r - m a t i o n i s p o s t t e c t o n i c t o 
Fg f o l d i n g and Sg p l a n a r t e c t o n i c a n i s o t r o p y i n t h e 
P r o t e r o z o i c F o l d b e l t o f ftravalli r e g i o n . The t h i r d p h a s e 
o f F3 f o l d i n g a r e d e v e l o p e d as k i n k s , d r a g s and B.re 
l o c a l i s e d . These? F3 f o l d s are t r a n s v e r s e t o t h e e a r l y 
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CHAPTER VI 
SUMMARY RND CONCLUSION 
Zawar Polyrnetal 1 ic deposits of which Zawar Mala is 
a part, is; the largest deposit of its kind and is situated 
nearly 4fi Km due south of Udaipuv^. The mineralisation is 
confined to carbonate rocks, i.e. dolomites and their sub 
facies with in the Aravallis of Proterozoic age. 
Lithostratigraphically the rocks of the 
investigated region have been classified into Mandli, 
Barai Mogra and Zawar formations of the Tiri Subgroup-
Eiaraii Mogra Formation is economically most important as it 
contains sulphide bearing dolomites. In time stratigraphy 
the rocks of the Tiru Subgroup are correlatable with the 
iJdaipur flysch sequence of firavalli Supergroup. 
The structural fabric of the firavalli Proterozoic 
Fold belt show a very low grade metamorphism. From the 
evidence of recr-ystal 1 i zat ion of the silicate minerals and 
the reminant of sedimentary structures such as current 
bedding, ripple marks, bedding laminations it has been 
concluded that the v^ocks of the area have uridargone 
Polyphase metamorphism upto greensch^'ist facies. The 
mineral Pav^agenesis based on Petrography reveals that four 
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genev^at i o n s o f q u a r t z o c e u r . Ch lcv^ i te? , m u s c o v i t e , s e r i c i t e 
sinci f e l d s p a r w e r e o b s e r v e d i n a s s o c i a t i o n w i t h q u a r t z 
g r a i n s - These? m i n e r a l s w e r e d e v e l o p e d f r o m t h e c l a s t i c 
f i e l d t o rnetamorph i c r e a l m i n t h e me tased i m e n t a r y s e q u e n c e 
o f flraval 1 i P r o t e ^ j r o z o i c F o l d b e l t . Q u a r t s g r a i n s o f f o u r 
g e n e r a t i o n s a r e r e p r e s e n t e d by q u a r t z - I , q u a r t s - I I,. q u a v ^ t z -
l l l and q u a r t z - I V . Threse p l a n a r a n i s o t r o p i c s u r f a c e s have? 
b e e n r e c o g n i s e d w h i c h si.r& r e p r e s e n t e d as S j , Sp and 33,, 
P r i n c i p a l s u l p h i d e ore m i n e r a l s a r e P y r i t e , 
s p h a l e r i t e and g a l e n a . Few c r y s t a l s o f a r s e n o p y r i t e a r e 
a l s o p r e s e n t . Based on t h e d e g r e e o f c r y s t a l 1 i n i t y t w o 
e x t r e m e v a r i a n t s o f f o r m o f P y r i t e a r e r e c o g n i s e d ( i ) 
S p h e r i c a l o r s u b - s p h e r i c a l g r a i n s f o u n d e i t h e v ^ a s i s o l a t e d 
g r a i n s i n d o l o m i t e o r d e r i s e l y p a c k e d t o f o r m a t h i n 
bed and ( i i ) E u h e d r a l c r y s t a l s , t h e s e may t a k e t h e f o r m o f 
c u b e . g r a n u l £ \ r masses o f s p h a l e r i t e show d i f f 6 ? r e n t s h a d e s 
o f c o l o u r r a n g i n g f r o m deep b rown t o y e l l o w i s h b r o w n -
Here a t o l l t e x t u r e i s f r e q u e n t l y o b s e r v e d w h e r e 
s p h a l e r i t e f o r m s t h e c e n t r a l c o r e souv^rounded by a s h e l l 
o f P y r i t e ( P I . I V , f-"i g . £ ) and d i s s e m i n a t e d g r a i n s as w£?ll as 
r e c r y s t a l 1 i z e d bands o f P y r i t e <P1. I V , F i g . 3 ) STB a l s o s e e n 
i n c l o s e a s s o c i a t i o n w i t h d o l o m i t e . 
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The Polyriietal 1 i c depos i t j s of Zawar Mala at^e 
s t r i c t l y c o n f i n e d t o d o l o m i t e h o r i z o n of Bara i Mogra 
Fo rma t ion which i s t h a p a r t of T i r i Subgroup of flravalli 
P r o t e r o s o i c Fold b e l t . The d e p o s i t t h e r e f o r e i s a s t r i a t a 
bound type (Cf. Smith, 1964; Poddar , 1965; C h a k r a b o r t y , 
1967; Chauhan, 1970; FRoy & J a i n , 1974; Basu, 1976, 1978, 
1980, 198£:; Mukhe^rjee, 1988 and S ingh , 1988) . That seems 
c h s i r a c t e r i s t i c of t h e i r fo rma t ion a s Bri i n t e g r a l p a r t of 
t h e sedimentav^y accurnulat i on . 
As r e p o r t e d by e a r l i e r w o r k e r s , t h e main o c c u r r e n c e 
of o r e in Zawar Mail a i s i n t h e form of compos i t e v e i n s and 
l a r g e rnaasive r e p l a c e m e n t b o d i e s a long s t r u c t u r a l o p e n i n g s 
in t h e h o s t r ock . In a d d i t i o n sometimes t h e o r e o c c u r s i n 
conformable? l a y e r s c o n t a i n i n g m e t a l l i c s u l p h i d e s wi th t h e 
c o u n t r y rock . The genev^al predominance of unconformable 
veivis and mass ive o r e en r i chment have led t o t h e e a r l i e r 
w o r k e r s t o b e l i e v e t h a t a l l such f e a t u r e s a r e i n d i c a t i v e 
of h y d r o t h e r r a a l - e p i geriet i c o r i g i n . They might be t r u e t o 
t h e i r o b s e r v a t i o n s a t few p l a c e s where i n t e n s e d e f o r m a t i o n 
has f u l l y o b l i t e r a t e d t h e s e d i m e n t a r y f a b r i c s of t h e o r e . 
The o r e b o d i e s in g e n e r a l a r e s t r a t a t aound t y p e i n n a t u r e 
r e t a i n i n g even t oday t h e most of t h e d i a g n o s t i c f e a t u r e of 
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Eiyngenetic ot-^ es. However the replacement fabrics prove 
only that replacemerit has taken place and do not indicate 
the nature and cjeological time of ore supply. Replacement 
has been taken place perhaps due to local transfer of ore 
during diagenesis and orogenesis. From the foregoing 
discussiion of the iBedinuantary and diastrophic features of 
the metallic sulphides, it can be concluded that they have 
been deposited contemporaneously with the associated 
sediments and their present general mode of occurrence is 
the result of deformation and mej t amor ph ism which they 
suffered since their deposition. 
It may be infer-red followed by Dunham (1964), for 
Kupersch iefer-- ore deposit in West Germany, that Zawar Mala 
sulphide deposits are the result of discharge of metals 
from hydrothermal solutions into a stv^Dngly v^educing 
environment during sedimentation. The sulphur ions 
requiv^ed to precipitate metals as sulphides were probably-
produced by the action of sulphate i->educing bacteria on 
the sulphates present in the basin. 
The deformational study in the Zawar Mala area 
indicates that the rocks have undergone Polyphase 
defov^mat ion showing folds of thv^ee generation. The Zawar-
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Mala forms a major ant iform where axial plane trend riorth-
westerly directi on„ fis a result polymetal1ic strata bound 
deposits have been folded by deformation event. The 
sequence of development have been showri in (Fig. 4). The 
transverse faults in the Zawar Mala antiform possibly 
representing the last phase of deformation episode, have 
dislocated the Polymetal! ic sulphide deposits (Fig. .3). 
The structural, metamorphic and petrographic 
studies together with ore petrography reveals that the 
lead and zinc sulphide deposits of Zawar Malai have been 
controlled by Proterozioic thrust tectonics. 
70 72 v: 
o 
26 Map Showing Location Of 




















I I I I I 





73AOE 73 ' . IE 47 
. GEOLOGICAL MAP OF ZAWAR MALA AREA 
i^ DISTRICT UDAIPUR, RAJA5THAN 
n°^o'E Fig.2 73'V,i'E 
73 /.OE 7 3 A1 E 
STRUCTURAL MAP OF ZAWAR MALA AREA 






70' M \ SulphldeOres 
y Foliati on (5]) 
Crenulat lon 
Follatlon(52) 
Crenula l ion 
^ Foliatlon(S3) 





L lneo t londa) 
F^Fold ax \s 
F2 Fold ax I 5 
F3 Fold ax i s 
Fault 
Scale Inmlle 
Fig. 3 73''/,l'E 
I s t a g e 
( Pre d e f o r m a t i o n ) 
• 
' • 







•Q - . ' 
u 
• • • . - . ' 
• . ( - , . • 
. • . • • 
• • • \ • . 
I l l S l ( i q p 
I N D E X 
[~P~\ Phy l l i te 
I•.•:'.'.I Q u a r t z i t e 
I I Do lom i te 
— Fi Fold ax | s 
___ FT Fold ox j s 
• • • FT Fo I d a x i s 
~-- F a u l t 
['.*•'•'»I Cong lomera te 
| c r | Su lph ide o res 
49 
IV s t a g e ^ S t a g e 
SCHEMATIC DIAGRAM 
SHOWING SEQUENCE OF STRUCTURAL EVOLUTION 
OF ZAWAR MALA AREA 




flrion <1981) Explanatory Brochure to the 
geological map of the Oravalli 
region in southern Rajasthan and 
northeastern Gujrat, Geolc>gical 
survey of India publication, PP.. 1 
38, 
Basu, P„K. (1376) Geology of strata bound native 
sulphur deposit in Zawar lead zinc-
belt, Rajasthan; Indian Minev^als, 
V. 30, No. £;, PP. 30--35. 
E-;asu, P. K. (1978) Synthesis of work on Zawar lead 
r;inc deposits, Rajasthans Indian 
Minerals Vol. 3£, No. 3, PP. 55--58. 
Basu, P.K.5 (1380) Tectonic features in sulphide ores 
at Zawar, Rajasthans Indian 
Minerals, Vol. 34, No. 4, PP. 92-94. 
Basu, P. K. (198£) Zawar lead zinc deposits India, ft 
p r o t o p t y p e syn -sed i rnen ta ry 
precarnbr ian s u l p h i d e d e p o s i t : 
q u a r t . Jouv^. g e o l . Min , Met. Soc. 
I n d i a , V o l . 54, No. 1 and £, PP. Ta---
93. 
51 
uhakv^aborty, fi. (ig&7) Genesis of the lead ziric deposits 
at Zawar, Rajasthari, India: Econ.. 
Geol, Vol. 6£, No. 4, PP. 554-556. 
Chakr-aborty, ft,, (1968) Crossf old ing in the Zawar a'rea, 
Rajathan, India, Bull. Geol. Soc. 
flmer., V o l . 7 9 , PP. 1 6 7 7 - 1 6 8 2 . 
Chauharuj D. S. ,, ( 1970 ) Some e v i d e n c e a b o u t s y n - s e d i m e n t a r y 
n a t u r e o f l e a d z i n c - p y r i t e d e p o s i t s 
of Zawar; Jour, Mines Metals and 
Fuels, Vol. £8, PP. 81-86. 
Daly, R.fl. (1917) Metamorphism and its phases; Bull. 
geol. Soc. of America, Vol. £8, PP. 
375-418. 
Dunham,, K, C. (1964) Neptunist concept in ore genesis; 
Econ. Geol. vol. 59, PP. 1~£1. 
Fleuty, M.J (1964) The description of folds; Proc. 
Geol. ftssn. Vol. 75, PP. 461-49£. 
Ghose, (1957) Lead zinc silver mineralisation at 
Zawar, Rajasthan: Quart. Jour. 
Geol. Min. Met. Soc, India, Voi„£9, 
No. £, PP. 55-64. 
52 
Guj3ta , E!). M. 5 ftror-a, L i t h o s t r a t i g r a p h i c map o f ftrvall i 
V„'K5 Mathu-r , R.K; v - e g i o n , s o u t h e r n f ? a j a t h a r i and n o r t h 
I g b ' S l u d d i n , E fa l r n i k i e a s t e r n G u j r a t , g e o l o g i c a l S u r v e y 
Pras jad , EJahai, T. M; & o f I n i c l a -
S h a r ma, S. B;; ( 19 8 0) 
Marker, 0. (i93£') Met amor ph ism, Metheun and Co. Ltd. 
London. 360 PP. 
Hcirovi, A.M. (1932) The geology of Central Ra.jputana; 
Mern. Geol. Sur-v. India, Vol- 79, 
PP. 1-389. 
HotabB, E-i. &I. , Means, fin outline of structural Geology; 
W„D. and Williams, John Wiley & Sons, New Yoyk, 502 
P.F. (1976) PP. 
Iqbaluddin, (1989) Geology of the Kodana reservoir 
area., Panohmahal distt,, Gujrat and 
Banswara & Dungarpur distt. 
Rajasthan; Mem. geol. Surv. India, 
Vol. lc:l, PP. I~a4-
Iqbaluddin, (199c:) Gjeotectonic evolution of firavalli 
region; Workshop held at Mangalore 
on ;5S--c:9 Dec. 
Leith, C.K. ; <19£3) Structural geology (£nd Ed.) Henry 
Halt & Co. New York, 390 PP. 
54 
Mukhopadhyay, D. & Delhi-preDelhi relations near 
Das GJupta £5. <1"978) Badnor, Central Rajasthan; Indian 
Jour. Earth sci. V,5, PP. 183-190. 
Mukhopadhyay, D. 8.- Deformation of early lineations in 
Ghosh, K.P. (1980) the ftravalli rocks, Fatehpur, 
Udaipur district, southesm 
Rajasthan, India; Indian Jour. 
Earth Sci., Vol, 7, PP. 64-75. 
Naha, K; &• Coudhury, Large scale fold interference in a 
O.K. (1968) metarnov^phic migrnat it ic complex: 
Tactonophysics, Vol. 6(£), PP. 
1£7~14£. 
Naha, K S- Halyburton Late stress system deducted from 
R. V. (1974ta) conjugate folds and kink barids in 
the "Main Raialo Syncline" 
Udaipur district, Rajasthan, India; 
Geo. Soc. flm. Bull., Vol. 85, PP. 
c!wj 1 " " ^ V J S . 
Naha, K and Roy, ft.B. The problem of the precambrian 
(1983) basement in Rajasthan, Western 
India; Precambrian Reserach, Vol. 
19, PP. S17"L=:L=:3. 
55 
Nahai, K. „ Mukhopadhyay Significance of contrast in the 
D. K. , Mohanty, R. , early stages of the structural 
Mitra, S. K. , &• Biswal, history of the Delhi and the Pre-
T.K. (1984) Delhi rock groups in the 
Proterosoic of Rajasthan, Western 
India; Tectonophysics, Vol. .1.05, 
PP. 133-206. 
Paliwal, B. S. (968) Defov^mat ion pattern in the rocks of 
the Plravalli Supergroup around 
Udaipur city, Rajasthan: 
Pv^ecarnbrian of the flravalli 
Mountain, Rajasthan, India, 
Geological Society Of India, No. 7 
PP. 153-168. 
Poddar, B.C. (1965) Lead-zinc mineralisation in the 
Zawar belt, India; Econ. Geol., 
Vol. 60, PP„ 636-638, 
(3uraishi & Iqbaluddin ft review of the geophysical 
(199;-) constraint in modelling the 
Gondwana Crust in India: 
Tectonophysics, Vol. £1£, PP. 141-
151. 
56 
Raja Rao, S. S., Poddar Precambrian startigraphy of 
B.C., Efasu, K. K. & Rajasthan s fi v^eview recov-ds, 
Dutta, ft.Px; (1971) geological suv-vey of India, Vol. 
101, PP. 60-79. 
Ramsay, J. G. (1967) F~ract uring and folding of rocks, 
Mc. Sraw Hill Book Co; 568 PP. 
Rickard, M.J. (1961) ft note on cleavages in crenulated 
rocks: geol. Mag., vol.98, PP. 3£4-
%.i w!f C « 
Roy, R.B. (1973) Ni^ture and evolution of 
subhori zontatl crenulation cleavage 
in the type flravalli rocks arciund 
Udaipur, Rajasthan; Proc. Mat. 
Inst. Sci- India, Vol.39 PP. 199~ 
131, 
Roy, fi„ B. & Jain, Pi. K. Polyphase deformation in the lead-
(1974) sine bearing Precambrian rocks of 
Zawar Mala, distt. Udaipur, 
southern Rajasthans Geol. Min. & 
Met. Soc. of India, golden jubilee 
volume, PP. 81-86. 
57 
Roy, ft. B; Nago-ri, D. K, Structural geometry of the rocks 
Golani, P.R; Dhakar, phosphorite-bearing Aravalli rocks 
S. P„ and Chaudhry, R. around Jhamarkotra Miners av^ea, 
(1980) Udaipur district, Ra.jasthan: Indian 
Jour. Earth Sci. Vol. 7(£), PP. 
igi~£0£. 
Roy, ft. B: Sornani, M.K. Oravalli pre flrvalli relationship: 
&• Sharma, N„ K. (1381) fl study from Bhinder region, 
southern Rajasthan; Indian Jour. 
Earth. Sci. Vol. 8(2), PP. U S -
ISO. 
Roy, fi.B. (1985) Tectonic and stratigraphic frame-
work of the early precambrian rocks 
of Ra.jasthan and northeY-^n Gujrat: 
Bull. Geol. Min. &• Met. Soc. India, 
Vol. 53, PP. 100-111. 
Roy, ft. E!. (19S8) Start igraphic and tectonic 
framework of the ftravalli mountain 
ranges Precambrian of the flravalli 
mountain, Rajasthan, India; 
Geological Soc. India, No.7, PP. 3-
58 
Sander, B. (1930) Gefugekunde der Gesteine: springer 
veina, 35£ PP. 
Sengupta, S. (1984) ft reiriterpre?tat ion of the 
startigraphy of the Delhi 
Supergroup of central Rajasthan 
between Rajosi and Chowdasya, Ajme^r 
district, Rajasthan: Indian Jour. 
f£arth. So. , Vol. 11, PP. 38-49. 
Singh, N, N. <;i988) Tectonic and strat igraphic 
framework of the lead-zinc sulphide 
mineralisation at Zawar Mala, 
distt. Udaipur, Rajasthan; Vol. 31, 
No.6, PP. 546-564. 
Sm it h, fl.W. (1964) Remobi1i sat i on of su1ph ide ore 
bodies; Econ. Geol. Vol. 59, PP. 
930-941. 
Straczek, J.R. and Geology of Zawar lead-zinc 
Srikantan, B. <1966) deposit: Mem. Geol. surv. India, 
Vol.9£, PP. 1-85. 
Whitten, E~.'.H„T. (1969) Structural geology of folded rocks; 






^ • ^ > % i ? " * '• f-
PLATE IV 
>'• 
1 ' : 
• \ • : • 
PLATE V 
1 
I 
